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ABSTRACT

An organized and structured safety program for x-ray generating devices
was Inltiated in QOctober, 1979. An X-ray Device Control Office was estab-
lished to manage the program that currently oversees the activities of 201
x-ray generating devices and to provide SOP reviews, perform shielding calcula-
tions, and provlide training for both the operators and health physics x-ray
device surveyors. 'The new program also establishes controls for procurement
of new equipmcnt, requlres the writing of Standard Operating Procedures,
requires troining for operatore and provides routine and non-routine safety
inspections of x-ray generating devices. Prior to this program golag into
effect, the Laboratory had recorded nine documented x-ray related exposure
accidents. Since then, there have been none. Program elements and experi-
ences of Interest to other x-ray device users are dilscussed.

TINTRODUCTION

X-ray generating devices have been surveyed using varying methods at lLos
Alamos National Taboratory (IANL) since 1952. Initially, a very informal one
page survey form was used. The same survey form sufficed for a follow-up or
for the next years survey - just by simply checking the box that stated there
had been no changes since last survey. From 1952 to 1979, the Taboratory's
x-ray safety record shows that there were nine x-rayv related accidents al the
laboratory(1). Oar first x-ray accident occurred in 1958 and our last in
1979,  However, we had three in as many years between 1377 and 1979. The last
aceident. we had praonpted a {ull scale investigation made up of a Certified
Accldent Investigator and two top level management personrel. It is clear
that the x-ray safety program which the Taboratory eventually developed to
oversee the activities of sone two hundred devices was burne hecause of the
Pindings and Judgement of Needs as determined by the Investigation board. To
swmarize, two broad points were made by that board: 1) A need exists to
provide more safety features, e.g. warning lights, audible alarms, lnterlocks
and to complete safety analysis reports, and 2) A need exists for a thorough
study of the present program conducted by the Health Physics Group for con-
trolling x-ray machines operating throughout the Iaboratory. 'The features
addressed by the study should include, at a minimum, program accountability,
record keeping, published standards, survelillance program, review and appreval
oft SOPs and independent, appratsal of the program. Flements of the inttial and
current. program are deseribed,

Progess of Welbig and b1 ishing Standards

The Heatth Phystes proup asstpned a staft member to work fulltime on the
Lask of setting up an X-ray Deviee Control Off'tee and to begin looking at
thone avatlable/applieable pablieations which wonld ultimately lead to a nound



basis for Laboratory poliey.

From all avallable publications and guldellnes there were six chosen
which would address all the varlous types of x-ray producing devices at the
Laboratory.

NBS 114 was used primarily to establish that policy which would govern
the safe use of the NDT (non-destructive testing) program. The NDT program
uses sealed gamma-ray sources and approximately 20 non-medical x-ray devices
< 10 MeV,

The second established standard which was utilized was ANSI N43.2-1977.
We adopted thils standard as reference when we wrote our requirements for x-ray
diffraction and fluorescence analysls equipment.

Since the newly established X-ray Device Office would also be studying,
reviewing, and caiculating shlelding requirements for exlisting and new facili-
ties, 1t was necessary to establish safety stardards for design of radlo-
graphic, fluoroscopic, lndustrial, and particle accelerator facllities. As
the basls for writing our policy, we adopted NBS Handhooks 123 and 107, which
addresses all the ahove x-ray devices.

To insure that dlagnostic and cabinet x-ray systems be adequately
addressed in our new laboratory standard, Title 10, part 1020 of the Code of
Federal Regulations, Performance Standards for Ionization Radlation Fmitting
Products (1020.30 and 102N.40) was used.

Lastly, the laboratory uses a substantial numher of electron mlcroscopes
in the Health and Farth Sclences groups. Therefore to address these low-
energy x-ray emitting devices, the "Handbook of X-ray Safety for Electron
Microscopists'" was referenced and used as a guide for writing the Laboratory
standard.

Initially there were several Technical Rulletins (TB) that were generated
from 1979 through 1983 which outlined the safety program for intentional and
incidental x-ray devices. However, by August, 1984, all Technical Rulletins
pertainlng to x-ray safety were replaced by an Administrative Requirement AR
3-3 with 1ts appropriate appendices which incorporated safety requirements for
analytical, Industrial cabinet, Industrial non-cabhinet and =lectron micro-
scopes(2). A user or potential user of x-ray genera%ing devices may use this
dycunent to gulde him through the process of selecting and procuring his x-ray
device, recelving his X-ray safety training and to initially getting his
device certified with an appropriate radiation survey. 1t 18 important to
note that the purchase requests for x-ray devices from all operating groups
are forwarded to the X-ray Device Control Office for radiation safety review
and approval bafore purchasing action 1s taken.

TRATNING

The X-ray Dwice Control office provides the safety tralning for all
x-ray operators at the Iaboratory (the exception is to certified medical x-ray
technictans) . ''raining 1a a requirement by AR 3-3 and must be repeated by all
Cuntodiang and Authorized Operators every I years., 'Iwo independent x-ray
snfety courses are offered: one for analytical users and one for Industrial
users. ey both provide an overview of radiation hazards, terminology, and
resaommendod dose Hmits, e coursen alao provide the stadent with Informa-
Lion nbout, blolegleal efff'ecta, the rlaks off x-ray cxposure and the Tabhop:
Lory's X-ray ety Program. ‘The student recelven a preliminary reading
analmrment, and 1o requived Lo take o quiz,. The courte fn deslpned Lo be Lhree



hours 1n duration but has flexibility bullt 1n due to different user require-
ments.

In addition to the tralning courses for the operators, the X-ray Device
Control office provides training for its health physics surveyors. The x-ray
surveyor charged with the responsibility of evaluating every operational x-ray
device once/year or as required, must be thoroughly knowledgeable and trained
in the difficult art of testing for compllance. The surveyors, 1n addition to
belng professional and knowledgeable, must also be consistant in surveying
techniques. This 1s a primary objective in the surveyor training course. In
addition, the instruction includes learning AR 3-3 and reviewing appropriate
Xx-ray survey equlpment and procedures. The course for tl.e surveyor 1s approxil-
mately 24 class hours and includes fleld work at various laboratories and
testing f'acilities. To date, the X-ray Device Office has ttalned nineteen

surveyors with one full time x-ray surveyor belng responsible for the survey
program.

An X-ray Survey Manual was written in order for the lLaboratory to
maintain a consistant and high quality surveying technique(3). It 1s used as
the primary training ald for the surveyor and as a field guide to insure
consistancy 1n surveying technique. The manual was developed by the health
physics group and establishes procedures for routine testing ol industrial and
analytical X-ray equipment for compliance with the Laboratory's AR 3-3. It
contalns detalled survey procedures foi* x-ray diffraction/fluorescence
analysls systems, industrial cabinet ard non-cabinet x-ray systems and
electron microscopes.

STANDARD OPFRATING PROCEDURFS

The requirement. lfor operating groups to write, review, and post SOP's has
contributed significantly to the decline ‘n radiation exposures and x-ray
related accidents. A very positive thouglt process goes on during the writing
of an S0P, 'The user group must address itims that describe the normal opera-
ting procedure. 'he narrative mist include the description and general use of
the equijpment.. In addition, the document must describe the safety features
and the hazards (not only radiological) asscclated with its use. Finally the
30P must describe what the operator or user thould do in case of any kind of
anergency .

S50P's gencrated by x-ray user groups are reviewed annually by cheir own
group and then sent to the health physics group for review. Fventually, the

approved S0P 1a posted at the con.rol console for easy reference to personnel
in the aren,

CONCIASTON

Through the years since 1979, the laboratory's X-ray Safety Program han
heen carefully construeted and tallored around our apecific needs while atlll
adhering Lo 1) required nafety requirements of the OK and other safnty
orgnnlzations.  'lhe high degree of profesaionalism in administering the pro-
s han palned Lhe pospeel. of all operating, groups whon we siupport.,  'The
progream has been hipghly auccennful and the benefita which we have enjoyed have
nole! In Lhie Porm of' reduend exposures angl thug far the el imination oft x-ray
redated aectdents,
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